Abstract. 2014 We study the equilibrium compression of asymmetric polymer brushes grafted on flat plates, under athermal and theta solvent conditions, using a lattice self-consistent field (SCF) approach. We find that the separation d between two plates coated asymmetrically with brushes of type 1 and 2, as a function of the force F, obeys the "bisection rule", d(F) = (d1(F) + d2(F)) /2 where d1(F)and d2(F) are the corresponding separations for the symmetric brushes of type 1 and 2 respectively.The bisection rule is easily esplained if one assumes no interpenetration of the two brushes. However, a study of the polymer volume fraction profiles suggests that the bisection rule is well obeyed even when there is strong interpenetration. The relevance of this work to recent experiments on asymmetric brushes is discussed.
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1 Phys. France 51 ( 1990) The physics of end-absorbed polymer layers (grafted polymers) finds application in fields such as tribology, adhesion, pharmaceuticals, waste-water treatments etc.. Grafted polymers on colloidal particles provide an efficient way of controlling the stabi2ity and other physical properties of colloidal suspensions [1] . Knowledge of the interaction between such particles coated with polymer chains is of interest in the context of coagulation and structure formation in disperse systems [2 -3] . In this short communication we give the first detailed theoretical analysis of the force between asymmetric grafted polymer layers. We study both the force profiles and the degree of interpenetration of the two brushes. In the so-called "classical" limit [4] of infinitely long chains, polymers in a brush are strongly stretched and even when forced together do not interpenetrate [4 -5] . This [1,6-] . In order to obtain force/séparation profiles we require an expression for the free energy of a system of two opposed plates coated with polymers. We used the expression obtained by Van Lent et al. [7] for the excess free energy per site in units of kBTfor a system of grafted and free components in equilibrium, where kB is the Boltzmann constant and T the absolute temperature. The effects of interpenetration are elucidated further in figure 4 , which is a log-log plot of the force/separation profile for the compression of symmetric brushes 20(0.05)/20(0.05). The solid curve is the profile obtained when there is interpenetration between the brushes while the dashed curve show the profile if interpenetration were not allowed to occur. (This is the same as the force required to compress a single brush against a hard wall.) We see that for moderate separations the force of compression is considerably smaller when interpenetration is allowed, confirming that in the non-classical regime of short chains and low coverages we cannot ignore the effects of interpenetration. As mentioned earlier the bisection-rule is easily explained for the "classical limit" case of N oo, since in the asymmetric brush the force F of compression is determined by matching the discontinuity in osmotic pressure at the front of each brush [4] ; the brush heights d/2 for each side of the system may be added to give the total. In the other extreme of strong compression, the force between the plates may be thought of as that due to a near-homogeneous concentration of polymers, whether or not interpenetration occurs. The fact that the force depends only on the mean density § between the plates leads directly the bisection-rule for small enough separations d &#x3E; Rs, as may be seen from the fact that d ( §) = (dl ( §) + d2 ( §)) /2. Our numerical results indicate that, between these two limits, there is little scope for significant departures from the rule. Because of the relatively small number of segments and low coverages used in our numerical . iterations, the size of the brush is only a few times the radius of gyration of free polymer in the same solvent but still a significant fraction of the fully extended length. This of course implies that we are well within the non-classical régime and so we should expect the interpenetration zone (overlap regime) to be a significant fraction of the separation of the plates whenever d Rs. This is indeed observed. One would expect these conditions to be optimal for observing departures from the bisection rule but all our results suggest that even under these fairly extreme conditions the departures are not significant. ' Part of the motivation for this work comes from force-balance experiments on polymers grafted onto two cylindrical mica surfaces carried out recently by Watanabe 
